INTRODUCTION
The importance of pyruvate to the early development of the mouse embryo was first demonstrated 5 years ago when it was shown that pyruvate, or a closely related compound, was needed for cleavage of the two-cell embryo (Brinster, 1965a) . Subsequent studies using radioactive substrates have confirmed the importance of pyruvate in energy metabolism in both the mouse and rabbit embryo (Brinster, 1967a (Brinster, , b, 1968 (Brinster, , 1969a . In addition, it has been shown that pyruvate is an important component of the culture medium for maturation of the mouse oocyte in vitro (Biggers, Whittingham & Donahue, 1967) and prob¬ ably also of the human oocyte (Kennedy & Donahue, 1969) . These findings have led to the suggestion that pyruvate may be the central energy source for development during the first few days for all mammalian species (Brinster, 1965b (Brinster, ,1969b .
Although the findings suggest a universal rôle for pyruvate as an energy source in early embryonic development, there is no definite information on the utilization of pyruvate in primate development. While it is difficult to obtain cleavage-stage embryos of primates for studies, small numbers of oocytes can be obtained from these species. Since it is probable that there is considerable simi¬ larity between the metabolism of the oocyte and the newly ovulated ovum, information obtained on the oocyte should be applicable to the newly ovulated ovum and to the zygote during the first few days of development (Brinster, 1969a, b (Brinster, 1965a (Brinster, , 1969b . Monkey oocytes were obtained in the same manner except that the ovary was cut into quarters before dissection.
Cumulus cells were removed from the oocytes by a brief exposure to hyaluronidase at a concentration of 300 units/ml in phosphate-buffered salt solution (Parker, 1961 Before use in the experiments, the oocytes were washed twice in 3 ml of a medium containing no energy source (Brinster, 1967a) . From the second wash, they were picked up in a volume of 2 µ and deposited in a small droplet (50 µ ) of the medium under liquid paraffin in a tissue culture dish. From this droplet, the oocytes were moved in less than 1 µ to a second droplet (25 to 30 µ ) of medium containing the radioactive substrates. Finally, the oocytes were picked up from this second droplet in a specific quantity (usually 1 µ ) of medium and deposited under three drops of sterile liquid paraffin in a serological test tube 7 mm 45 mm. The tube with the oocytes was incubated, and the C02 pro¬ duced was determined by scintillation counting. The details of the procedure have been described previously (Brinster, 1967a) . The only modification was that 100 µ of phthalate buffer (m/20, pH4) was used to stop the incubation instead of 1 n-H2S04.
The incubation medium containing the radioactive substrates was a modified Krebs-Ringer bicarbonate (Brinster, 1967a) . The glucose was added to the medium at a concentration of 5-6 10~3 m. The specific activity was 3·1 mCi/mmol. The pyruvate was added to the medium at a concentration of 5 10~4 M, and the specific activity was 29-5 mCi/mmol. The concentrations of the radioactive substrates employed were based on the optimum conditions found in other experiments with early embryos (Brinster, 1965a (Brinster, , b, 1970 and oocytes (Biggers et al., 1967) of the mouse and rabbit, and are probably close to the optimum concentrations for monkey oocytes. In experiments with pyruvate, one oocyte was incubated for 4 hr in 1 µ of medium. In the experiments with glucose, ten to thirty mouse oocytes or five to ten monkey oocytes were incu¬ bated for 4 or 24 hr in 1 µ of medium.
RESULTS
The first experiments were performed using mouse oocytes. This allowed a comparison to be made between the micro-method used on the oocytes in these experiments with the macro-method previously used on one-cell unfertilized mouse ova (Brinster, 1967a The C02 formed from glucose by the unfertilized mouse ovum is 0-13 + 0-01 pmol/ovum/hr (Brinster, 1967a Table 2 indicate that there was no interaction or interdependence between the oxidation of pyruvate and glucose by the monkey oocyte. Table 2 carbon dioxide production from glucose and pyruvate by the rhesus monkey oocyte
t0-73±0-17 0-76 + 0-13 4-hr incubation P* P*G (Brinster, 1967a) . This evidence sup¬ ports the findings from culture studies in vitro where it was found that pyruvate but not glucose will allow development of the oocyte, one-cell ovum and twocell ovum (Biggers et al., 1967; Brinster, 1965a (Brinster, 1968 (Brinster, , 1969a , but two to five times greater than those found for the mouse un¬ fertilized ovum (Brinster, 1967a, b) . This is what might be expected on the basis of size, since the monkey oocyte is more nearly the size of the rabbit oocyte than the mouse oocyte.
The similarity between the three species in the degree to which they oxidize pyruvate and glucose provides additional evidence for the hypothesis that the need for pyruvate and the utilization of pyruvate may be universal among mammalian embryos, including primates, during the early days of development. Certainly other species should be examined, particularly the human, but there seems little doubt that the same general pattern of energy substrate utilization will be found for the early embryos of most, if not all, Eutherian mammals.
